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1
METHOD OF MANUFACTURING SILICON
CARBIDE SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to methods of manufacturing
silicon carbide semiconductor devices.

2. Description of the Background Art

In recent years, silicon carbide has been increasingly
employed as a material for a semiconductor device in order to
allow a higher breakdown voltage, lower loss and the like of
the semiconductor device.

For example, Japanese Patent Laying-Open No. 2014-
11224 describes a method of manufacturing a silicon carbide
semiconductor device using an adhesive tape. According to
the above method of manufacturing a silicon carbide semi-
conductor device, a backside surface of a silicon carbide
substrate is ground with the silicon carbide substrate being
fixed on the adhesive tape. By heating the adhesive tape to
100° C. or more after grinding the backside surface of the
silicon carbide substrate, liquid water adhered to or contained
in the adhesive tape can be vaporized.

SUMMARY OF THE INVENTION

A method of manufacturing a silicon carbide semiconduc-
tor device according to the present disclosure includes the
following steps. A silicon carbide substrate having a first main
surface and a second main surface opposite to the first main
surface is prepared. A surface electrode is formed in contact
with the first main surface of the silicon carbide substrate. An
adhesive tape is adhered to the surface electrode so as to cover
the surface electrode. The silicon carbide substrate is heated
at a first pressure lower than atmospheric pressure, with the
adhesive tape being adhered to the surface electrode. After the
silicon carbide substrate is heated, the second main surface of
the silicon carbide substrate is ground. After the second main
surface is ground, the second main surface of the silicon
carbide substrate is processed at a second pressure lower than
atmospheric pressure, with the adhesive tape being adhered to
the surface electrode.

A method of manufacturing a silicon carbide semiconduc-
tor device according to the present disclosure includes the
following steps. A silicon carbide substrate having a first main
surface and a second main surface opposite to the first main
surface is prepared. A surface electrode is formed in contact
with the first main surface of the silicon carbide substrate. An
adhesive tape is adhered to the surface electrode so as to cover
the surface electrode. The silicon carbide substrate is heated
at a first pressure lower than atmospheric pressure, with the
adhesive tape being adhered to the surface electrode. After the
silicon carbide substrate is heated, the second main surface of
the silicon carbide substrate is ground. After the second main
surface is ground, the second main surface of the silicon
carbide substrate is processed at a second pressure lower than
atmospheric pressure, with the adhesive tape being adhered to
the surface electrode. The first pressure is 1x10~> Pa or more
and 1x1072 Pa or less. A temperature of the silicon carbide
substrate in the step of heating the silicon carbide substrate is
100° C. or more and 200° C. or less.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view schematically
showing a configuration of a silicon carbide semiconductor
device according to one embodiment.
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FIG. 2 is a flowchart schematically showing a method of
manufacturing the silicon carbide semiconductor device
according to the embodiment.

FIG. 3 is a flowchart schematically showing a degassing
heat treatment step in the method of manufacturing the silicon
carbide semiconductor device according to the embodiment.

FIG. 4 is a flowchart schematically showing an upper sur-
face element structure forming step in the method of manu-
facturing the silicon carbide semiconductor device according
to the embodiment.

FIG. 5 is a schematic cross-sectional view for schemati-
cally illustrating a first step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 6 is a schematic cross-sectional view for schemati-
cally illustrating a second step of the method of manufactur-
ing the silicon carbide semiconductor device according to the
embodiment.

FIG. 7 is a schematic cross-sectional view for schemati-
cally illustrating a third step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 8 is a schematic cross-sectional view for schemati-
cally illustrating a fourth step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 9 is a schematic cross-sectional view for schemati-
cally illustrating a fifth step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 10 is a schematic cross-sectional view for schemati-
cally illustrating a sixth step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 11 is a schematic cross-sectional view for schemati-
cally illustrating a seventh step of the method of manufactur-
ing the silicon carbide semiconductor device according to the
embodiment.

FIG. 12 is a schematic cross-sectional view for schemati-
cally illustrating an eighth step of the method of manufactur-
ing the silicon carbide semiconductor device according to the
embodiment.

FIG. 13 is a schematic perspective view for schematically
illustrating the eighth step of the method of manufacturing the
silicon carbide semiconductor device according to the
embodiment.

FIG. 14 is a schematic cross-sectional view for schemati-
cally illustrating a ninth step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 15 is a schematic cross-sectional view for schemati-
cally illustrating a tenth step of the method of manufacturing
the silicon carbide semiconductor device according to the
embodiment.

FIG. 16 is a schematic cross-sectional view for schemati-
cally illustrating an eleventh step of the method of manufac-
turing the silicon carbide semiconductor device according to
the embodiment.

FIG. 17 is a schematic cross-sectional view for schemati-
cally illustrating a twelfth step of the method of manufactur-
ing the silicon carbide semiconductor device according to the
embodiment.

FIG. 18 is a schematic cross-sectional view for schemati-
cally illustrating a thirteenth step of the method of manufac-
turing the silicon carbide semiconductor device according to
the embodiment.
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FIG. 19 is a schematic cross-sectional view for schemati-
cally illustrating a fourteenth step of the method of manufac-
turing the silicon carbide semiconductor device according to
the embodiment.

FIG. 20 is a schematic cross-sectional view for schemati-
cally illustrating a fifteenth step of the method of manufac-
turing the silicon carbide semiconductor device according to
the embodiment.

FIG. 21 is a schematic cross-sectional view for schemati-
cally illustrating a sixteenth step of the method of manufac-
turing the silicon carbide semiconductor device according to
the embodiment.

FIG. 22 is a schematic diagram schematically showing a
configuration of an apparatus of manufacturing the silicon
carbide semiconductor device according to the embodiment.

DETAILED DESCRIPTION OF THE INVENTION
Description of Embodiments

(1) A method of manufacturing a silicon carbide semicon-
ductor device according to the present disclosure includes the
following steps. A silicon carbide substrate 10 having a first
main surface 10q and a second main surface 106 opposite to
first main surface 10q is prepared. A surface electrode 50 is
formed in contact with first main surface 10qa of silicon car-
bide substrate 10. An adhesive tape 1 is adhered to the surface
electrode so as to cover the surface electrode. Silicon carbide
substrate 10 is heated at a first pressure lower than atmo-
spheric pressure, with adhesive tape 1 being adhered to sur-
face electrode 50. After silicon carbide substrate 10 is heated,
second main surface 105 of silicon carbide substrate 10 is
ground. After second main surface 1054 is ground, second
main surface 105 of silicon carbide substrate 10 is processed
at a second pressure lower than atmospheric pressure, with
adhesive tape 1 being adhered to surface electrode 50.

According to the method of manufacturing a silicon car-
bide semiconductor device according to (1) above, before
second main surface 105 of silicon carbide substrate 10 is
ground, silicon carbide substrate 10 is heated with adhesive
tape 1 being adhered to surface electrode 50. Consequently,
most of the gas trapped in space between adhesive tape 1 and
surface electrode 50 can be exhausted to the outside of the
space. Silicon carbide substrate 10 has an increased thickness
as compared to silicon carbide substrate 10 having a reduced
thickness after its second main surface 105 has been ground,
so that the cracking of silicon carbide substrate 10 can be
suppressed before silicon carbide substrate 10 is heated. In
addition, after the step of grinding second main surface 105,
second main surface 105 of silicon carbide substrate 10 is
processed at the second pressure lower than atmospheric
pressure, with adhesive tape 1 being adhered to surface elec-
trode 50. Since most of the gas trapped in the space between
adhesive tape 1 and surface electrode 50 has been exhausted
to the outside of the space before second main surface 105 of
silicon carbide substrate 10 is ground, very little gas remains
in the space between adhesive tape 1 and surface electrode 50
after second main surface 105 of silicon carbide substrate 10
is ground. Accordingly, while second main surface 105 of
silicon carbide substrate 10 is processed at the second pres-
sure lower than atmospheric pressure, the cracking of silicon
carbide substrate 10 can be effectively suppressed. A silicon
carbide substrate is harder and more susceptible to cracking
than a silicon substrate, and thus requires a measure to prevent
the cracking of the substrate more than a silicon substrate.

(2) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (1) above, the first
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pressure is 1x107> Pa or more and 1x10~2 Pa or less. By
setting the first pressure to 1x10~> Pa or more, the process can
be readily performed without having to use special high-
vacuum equipment or vacuuming for an extended period of
time. By setting the first pressure to 1x1072 Pa or less, the gas
trapped between adhesive tape 1 and surface electrode 50 can
be effectively exhausted.

(3) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (1) or (2) above,
the first pressure is equal to or lower than the second pressure.
Consequently, the gas trapped between adhesive tape 1 and
surface electrode 50 can be sufficiently exhausted before the
grinding, thus effectively suppressing the cracking of silicon
carbide substrate 10 after the grinding.

(4) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(3) above, a temperature of silicon carbide substrate 10 in the
step of heating the silicon carbide substrate is 100° C. or more
and 200° C. or less. By setting the temperature of silicon
carbide substrate 10 to 100° C. or more, water trapped in the
space between adhesive tape 1 and surface electrode 50 can be
vaporized into water vapor and the water vapor can be effec-
tively exhausted from the space. By setting the temperature of
silicon carbide substrate 10 to 200° C. or less, damage to
adhesive tape 1 can be effectively prevented.

(5) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(4) above, the step of processing second main surface 105 of
silicon carbide substrate 10 includes a step of removing, by
plasma etching, a process-modified layer 10¢ formed on sec-
ond main surface 105 in the step of grinding second main
surface 105. If the gas remains in the space between adhesive
tape 1 and surface electrode 50, in the step of removing
process-modified layer 10c¢ by plasma etching, local pressure
variation occurs to generate abnormal discharge during the
release of the gas from between adhesive tape 1 and surface
electrode 50 to the outside. This causes adhesive tape 1 to
burn and adhere to silicon carbide substrate 10, resulting in
difficulty in peeling adhesive tape 1 off. By exhausting the gas
existing in the space between adhesive tape 1 and surface
electrode 50 before the plasma etching, therefore, the occur-
rence of abnormal discharge during the plasma etching can be
suppressed.

(6) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(5) above, the step of processing second main surface 105 of
silicon carbide substrate 10 includes a step of forming a
backside electrode 15 on second main surface 106 of silicon
carbide substrate 10. If the gas such as water vapor remains in
the space between adhesive tape 1 and surface electrode 50,
gas such as water vapor may be generated to lower film
quality of backside electrode 15 during the formation of back-
side electrode 15 on second main surface 105. By exhausting
the gas existing in the space between adhesive tape 1 and
surface electrode 50 before forming backside electrode 15,
the lowering of the film quality of backside electrode 15 can
be suppressed.

(7) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (6) above, the step
of processing second main surface 105 of silicon carbide
substrate 10 includes a step of performing laser annealing on
backside electrode 15. The laser annealing locally heats back-
side electrode 15, thus effectively suppressing an increase in
temperature of adhesive tape 1 which results in the generation
of gas trapped in the space between adhesive tape 1 and
surface electrode 50.
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(8) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(7) above, a maximum diameter of first main surface 10a of
silicon carbide substrate 10 is 100 mm or more. A larger
maximum diameter of first main surface 10a of the silicon
carbide substrate tends to leave gas between adhesive tape 1
and surface electrode 50 during the adhesion of adhesive tape
1 to surface electrode 50. The above method of manufacturing
a silicon carbide semiconductor device is more suitably used
when the maximum diameter of first main surface 10a of
silicon carbide substrate 10 is 100 mm or more.

(9) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(8) above, after the step of grinding the second main surface
of the silicon carbide substrate, a thickness T of silicon car-
bide substrate 10 is 50 pm or more and 200 um or less. A
smaller thickness of silicon carbide substrate 10 tends to
cause cracking of silicon carbide substrate 10. The above
method of manufacturing a silicon carbide semiconductor
device is more suitably used when the thickness of silicon
carbide substrate 10 is 50 pm or more and 200 um or less.

(10) Preferably, the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(9) above further includes a step of, after the step of process-
ing second main surface 105 of silicon carbide substrate 10,
removing adhesive tape 1 from surface electrode 50. Adhe-
sive tape 1 1s thus peeled off from silicon carbide substrate 10.

(11) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(10) above, the step of heating the silicon carbide substrate
includes a step of heating silicon carbide substrate 10 with
silicon carbide substrate 10 being separated from a substrate
holding unit 3 including a heating unit 35. Accordingly, the
relatively soft adhesive tape readily expands, thus exhausting
the gas from between adhesive tape 1 and surface electrode
50. As aresult, the cracking of silicon carbide substrate 10 can
be effectively suppressed.

(12) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to any one of (1) to
(11) above, the step of heating the silicon carbide substrate
further includes a step of, after the step of heating silicon
carbide substrate 10 with silicon carbide substrate 10 being
separated from substrate holding unit 3, heating silicon car-
bide substrate 10 with silicon carbide substrate 10 being in
contact with substrate holding unit 3. Silicon carbide sub-
strate 10 is pressed against substrate holding unit 3, whereby
the gas remaining between adhesive tape 1 and surface elec-
trode 50 is pushed and exhausted.

(13) A method of manufacturing a silicon carbide semicon-
ductor device according to the present disclosure includes the
following steps. A silicon carbide substrate 10 having a first
main surface 10q and a second main surface 106 opposite to
first main surface 10q is prepared. A surface electrode 50 is
formed in contact with first main surface 10qa of silicon car-
bide substrate 10. An adhesive tape 1 is adhered to surface
electrode 50 so as to cover surface electrode 50. Silicon
carbide substrate 10 is heated at a first pressure lower than
atmospheric pressure, with adhesive tape 1 being adhered to
surface electrode 50. After silicon carbide substrate 10 is
heated, second main surface 105 of silicon carbide substrate
10 is ground. After second main surface 104 is ground, second
main surface 105 of silicon carbide substrate 10 is processed
at a second pressure lower than atmospheric pressure, with
adhesive tape 1 being adhered to surface electrode 50. The
first pressure is 1x107> Pa or more and 1x1072 Pa or less. A
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temperature of silicon carbide substrate 10 in the step of
heating the silicon carbide substrate is 100° C. or more and
200° C. or less.

(14) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, the
first pressure is equal to or lower than the second pressure.

(15) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, the
step of processing second main surface 106 of silicon carbide
substrate 10 includes a step of removing, by plasma etching,
a process-modified layer 10¢ formed on the second main
surface in the step of grinding second main surface 104.

(16) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, the
step of processing second main surface 106 of silicon carbide
substrate 10 includes a step of forming a backside electrode
15 on second main surface 105 of silicon carbide substrate 10.

(17) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (16) above, the
step of processing second main surface 106 of silicon carbide
substrate 10 includes a step of performing laser annealing on
backside electrode 15.

(18) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, a
maximum diameter of first main surface 10a of silicon car-
bide substrate 10 is 100 mm or more.

(19) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, after
the step of grinding second main surface 105 of silicon car-
bide substrate 10, a thickness T of silicon carbide substrate 10
is 50 um or more and 200 um or less.

(20) Preferably, the method of manufacturing a silicon
carbide semiconductor device according to (13) above further
includes a step of, after the step of processing second main
surface 105 of silicon carbide substrate 10, removing adhe-
sive tape 1 from surface electrode 50.

(21) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (13) above, the
step of heating the silicon carbide substrate includes a step of
heating silicon carbide substrate 10 with silicon carbide sub-
strate 10 being separated from a substrate holding unit 3
including a heating unit 35.

(22) Preferably, in the method of manufacturing a silicon
carbide semiconductor device according to (21) above, the
step of heating the silicon carbide substrate further includes a
step of, after the step of heating silicon carbide substrate 10
with silicon carbide substrate 10 being separated from sub-
strate holding unit 3, heating silicon carbide substrate 10 with
silicon carbide substrate 10 being in contact with substrate
holding unit 3.

Details of Embodiments

An embodiment will be described below with reference to
the drawings. In the following drawings, the same or corre-
sponding parts are designated by the same reference numbers
and description thereof will not be repeated. Regarding crys-
tallographic denotation herein, an individual orientation, a
group orientation, an individual plane, and a group plane are
shown in [ ], <>, (), and { }, respectively. Although a
crystallographically negative index is normally expressed by
a number with a bar “-” thereabove, a negative sign herein
precedes a number to indicate a crystallographically negative
index.

There is first described a configuration of a MOSFET
(Metal Oxide Semiconductor Field Effect Transistor) as an
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example of a semiconductor device 100 manufactured with a
manufacturing method according to one embodiment.

Referring to FIG. 1, MOSFET 100 according to the
embodiment mainly includes a silicon carbide substrate 10,
an upper surface element structure 80, a drain electrode 15,
and a backside surface protecting electrode 17. Substrate 10 is
silicon carbide substrate 10 made of silicon carbide, for
example. Silicon carbide substrate 10 includes, for example,
a silicon carbide single-crystal substrate 11 and a silicon
carbide epitaxial layer 20. Silicon carbide single-crystal sub-
strate 11 is made of hexagonal silicon carbide single crystal
having a polytype of 4H, for example. Silicon carbide single-
crystal substrate 11 contains an impurity such as nitrogen, and
has n type conductivity (first conductivity type).

Silicon carbide substrate 10 has a first main surface 10a and
a second main surface 106 opposite to first main surface 10a.
First main surface 10a of silicon carbide substrate 10 is a
{0001} plane or a plane having an off angle of about 8° or less
relative to the {0001} plane. Preferably, first main surface 10a
of silicon carbide substrate 10 is a (0001) plane or a plane
having an off angle of about 8° or less relative to the (0001)
plane, and a backside surface is a (000-1) plane or a plane
having an off angle of about 8° or less relative to the (000-1)
plane. Silicon carbide single-crystal substrate 11 constitutes
second main surface 105 of silicon carbide substrate 10, and
silicon carbide epitaxial layer 20 constitutes first main surface
104 of silicon carbide substrate 10.

Silicon carbide epitaxial layer 20 is provided on silicon
carbide single-crystal substrate 11, and made of silicon car-
bide. Silicon carbide epitaxial layer 20 includes a drift region
21, body regions 22, source regions 23, and contact regions
24. Drift region 21 contains an impurity such as nitrogen and
has n type conductivity. An impurity concentration in drift
region 21 is lower than an impurity concentration in silicon
carbide single-crystal substrate 11. Body region 22 has p type
conductivity (second conductivity type) Body region 22 con-
tains an impurity such as Al (aluminum) or B (boron). An
impurity concentration of aluminum or the like contained in
body region 22 is, for example, 1x10'7 cm™.

Source region 23 has n type conductivity. Source region 23
is separated from drift region 21 by body region 22. Source
region 23 is provided so as to form a portion of first main
surface 10a of silicon carbide substrate 10 and to be sur-
rounded by body region 22. Source region 23 contains an
impurity such as P (phosphorus). An impurity concentration
in source region 23 is higher than the impurity concentration
in drift region 21. The impurity concentration of phosphorus
or the like contained in source region 23 is, for example,
1x10%° cm™.

Contact region 24 has p type conductivity. Contact region
24 is provided through source region 23 to come in contact
with both first main surface 10a of silicon carbide substrate 10
and body region 22. Contact region 24 contains an impurity
such as Al or B. An impurity concentration in contact region
24 is higher than the impurity concentration in body region
22. The impurity concentration of Al or B contained in contact
region 24 is, for example, 1x10%° cm™.

Upper surface element structure 80 mainly includes a gate
oxide film 30, a gate electrode 40, a surface electrode 50, and
an interlayer insulating film 60. Gate oxide film 30 is formed
on first main surface 10a of silicon carbide substrate 10 so as
to extend from an upper surface of one of source regions 23 to
anupper surface of the other source region 23. Gate oxide film
30 is formed in contact with source regions 23, body regions
22 and drift region 21. Gate oxide film 30 is made of silicon
dioxide, for example.
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Gate electrode 40 is disposed in contact with gate oxide
film 30 so as to extend from a portion over one of source
regions 23 to a portion over the other source region 23. Gate
electrode 40 is provided in contact with gate oxide film 30 in
aposition facing source regions 23, body regions 22 and drift
region 21. Gate electrode 40 is made of a conductor such as
polysilicon containing an impurity or Al.

Surface electrode 50 includes source electrodes 50a, and a
surface protecting electrode 505 provided on source elec-
trodes 50a. Each of source electrodes 50a is provided on first
main surface 10a of silicon carbide substrate 10, in contact
with source region 23 and contact region 24. Source electrode
50a is provided in contact with gate oxide film 30 so as to
extend to a portion over contact region 24 in a direction away
from gate oxide film 30. Source electrode 50a is made of a
material including Ti, Al and Si, for example, and in ohmic
contact with source region 23 of silicon carbide substrate 10.
Surface protecting electrode 505 is made of'a material includ-
ing Al, for example, and electrically connected to source
electrode 50q.

Interlayer insulating film 60 is provided in contact with
gate electrode 40 and gate oxide film 30 so as to cover gate
electrode 40. Interlayer insulating film 60 electrically insu-
lates gate electrode 40 and source electrodes 50a from each
other. Surface protecting electrode 505 is provided in contact
with source electrodes 50a so as to cover interlayer insulating
film 60.

Drain electrode 15 is provided in contact with second main
surface 105 of silicon carbide substrate 10. Drain electrode 15
is made of a material including NiSi, for example, and in
ohmic contact with silicon carbide single-crystal substrate
11. Drain electrode 15 is electrically connected to silicon
carbide single-crystal substrate 11. Backside surface protect-
ing electrode 17 is formed in contact with a main surface of
drain electrode 15 opposite to the surface on which silicon
carbide single-crystal substrate 11 is provided. Backside sur-
face protecting electrode 17 is made of a material including
Al, for example. Backside surface protecting electrode 17 is
electrically connected to drain electrode 15.

Next, a method of manufacturing the MOSFET according
to the embodiment is described.

First, a substrate preparing step (S10: FIG. 2) is performed.
Specifically, an ingot (not shown) made of a silicon carbide
single crystal having a polytype of 4H, for example, is sliced
to prepare silicon carbide single-crystal substrate 11 made of
hexagonal silicon carbide single crystal and having n type
conductivity. Next, n type silicon carbide epitaxial layer 20 is
formed on silicon carbide single-crystal substrate 11 by epi-
taxial growth. Silicon carbide epitaxial layer 20 contains an
impurity such as nitrogen ions. A maximum diameter of first
main surface 10a of silicon carbide substrate 10 is 100 mm or
more, preferably 150 mm or more, and more preferably 200
mm or more. First main surface 10a of silicon carbide sub-
strate 10 may be, for example, a {0001} plane or a plane
having an off angle of about 8° or less relative to the {0001}
plane. Silicon carbide single-crystal substrate 11 constitutes
second main surface 105 of silicon carbide substrate 10, and
silicon carbide epitaxial layer 20 constitutes first main surface
104 of silicon carbide substrate 10 (see FIG. 5).

Next, an upper surface element structure forming step
(S20: FIG. 2) is performed. The upper surface element struc-
ture is formed by performing the following steps, for
example.

First, an ion implantation step (S21: FIG. 4) is performed.
Referring to FIG. 6, first, for example, Al (aluminum) ions are
implanted through first main surface 10a of silicon carbide
substrate 10, thereby forming body regions 22 of p type
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conductivity in silicon carbide epitaxial layer 20. Next, for
example, P (phosphorus) ions are implanted into each of body
regions 22 to a depth shallower than the depth to which the Al
ions have been implanted, thereby forming source region 23
of'n type conductivity Next, for example, Al ions are further
implanted into source region 23, thereby forming contact
region 24 of p type conductivity through source region 23 to
reach body region 22. In silicon carbide epitaxial layer 20, a
region in which none of body region 22, source region 23, and
contact region 24 is formed serves as drift region 21.

Next, an activation annealing step (S22: FIG. 4) is per-
formed. Specifically, by heating silicon carbide substrate 10
for about 30 minutes at a temperature of 1700° C. for
example, the impurities implanted in the ion implantation
step (S21: FIG. 4) are activated. Consequently, desired carri-
ers are generated in the regions where the impurities have
been implanted.

Next, a gate oxide film forming step (S23: FIG. 4) is per-
formed. Referring to FIG. 7, for example, by heating silicon
carbide substrate 10 in an atmosphere containing oxygen,
gate oxide film 30 made of silicon dioxide is formed in con-
tact with first main surface 10a of silicon carbide substrate 10.
Silicon carbide substrate 10 is heated for about 60 minutes at
atemperature of about 1300° C., for example. Gate oxide film
30 is formed on first main surface 10a of silicon carbide
substrate 10, in contact with drift region 21, body regions 22,
source regions 23, and contact regions 24.

Next, a gate electrode forming step (S24. FIG. 4) is per-
formed. Referring to FIG. 8, gate electrode 40 made of poly-
silicon containing an impurity is formed on gate oxide film 30
by LPCVD (Low Pressure Chemical Vapor Deposition), for
example. Gate electrode 40 is formed in a position facing
source regions 23, body regions 22 and drift region 21, with
gate oxide film 30 interposed therebetween.

Next, an interlayer insulating film forming step (S25: FIG.
4)is performed. Referring to FIG. 9, interlayer insulating film
60 is formed by plasma CVD (Chemical Vapor Deposition),
for example, so as to cover gate electrode 40 and come into
contact with gate oxide film 30. Interlayer insulating film 60
is made of a material including silicon dioxide, for example.

Next, a surface electrode forming step (S26: FIG. 4) is
performed. Specifically, interlayer insulating film 60 and gate
oxide film 30 are removed by etching, for example, from
regions where source electrodes 50q are to be formed, thereby
forming regions at which source regions 23 and contact
regions 24 are exposed. Next, referring to FIG. 10, a metal
layer including TiAlSi (titanium aluminum silicon), for
example, is formed by sputtering, for example, in each of the
regions at which source regions 23 and contact regions 24 are
exposed. By heating the metal layer to about 100° C., for
example, at least a portion of the metal layer is silicided to
form source electrode 50a in ohmic contact with source
region 23.

Next, a surface protecting electrode forming step (S27:
FIG. 4) is performed. Specifically, surface protecting elec-
trode 505 is formed by sputtering, for example, so as to come
into contact with source electrodes 50a and cover interlayer
insulating film 60. Surface protecting electrode 505 is made
of'a material including aluminum, for example. In this man-
ner, surface electrode 50 which includes source electrodes
50a and surface protecting electrode 505 and is in contact
with first main surface 10q of silicon carbide substrate 10 is
formed.

Next, a passivation film forming step (S28. FIG. 4) is
performed. Specifically, a passivation film (not shown) is
formed by CVD, for example, so as to cover a portion of
surface protecting electrode 505. The passivation film is made
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of silicon dioxide, for example. In this manner, the upper
surface element structure forming step (S20: FIG. 2) is com-
pleted. An intermediate substrate 16 having a third main
surface 16a and second main surface 105 opposite to third
main surface 164 is thus prepared. Intermediate substrate 16
includes silicon carbide substrate 10, and upper surface ele-
ment structure 80 provided on silicon carbide substrate 10
(see FIG. 11). Upper surface element structure 80 constitutes
third main surface 164 of intermediate substrate 16.

Next, an adhesive tape adhering step (S30: FIG. 2) is per-
formed. An adhesive tape 1 has a fourth main surface 1a and
a fifth main surface 15 opposite to fourth main surface 1a.
Adhesive tape 1 includes, for example, an adhesive portion
constituting fourth main surface 1a, and a base portion con-
stituting fifth main surface 15. An acrylic adhesive agent
having adhesion property, for example, can be used as the
adhesive portion. An organic compound such as polyester can
be used as the base portion. A material having an adhesive
strength decreased when irradiated with an energy ray such as
an ultraviolet ray is used for the adhesive portion. Examples
of materials having an adhesive strength decreased when
irradiated with an energy ray such as an ultraviolet ray include
an ultraviolet-setting resin. Alternatively, a material having
an adhesive strength decreased when heated may be used for
the adhesive portion. Examples of materials having an adhe-
sive strength decreased when heated include a thermosetting
resin.

Next, referring to FIGS. 12 and 13, by adhering third main
surface 16a of intermediate substrate 16 at the upper surface
element structure 80 side to fourth main surface 1a of adhe-
sive tape 1, intermediate substrate 16 is supported by adhesive
tape 1. Adhesive tape 1 is adhered to third main surface 16a of
intermediate substrate 16 at a pressure of about 30 Pa or more
and about 100 Pa or less. Adhesive tape 1 is adhered to surface
electrode 50 so as to cover surface electrode 50. A passivation
film or the like may be disposed partially between adhesive
tape 1 and surface electrode 50. Adhesive tape 1 may be in
contact with both surface electrode 50 and the passivation
film, or adhesive tape 1 may be disposed above surface elec-
trode 50 with a portion of surface electrode 50 being sepa-
rated from adhesive tape 1 and with adhesive tape 1 being in
contact with the passivation film. Preferably, adhesive tape 1
is adhered to surface electrode 50 so as to cover the entire first
main surface 10a of silicon carbide substrate 10. Intermediate
substrate 16 is adhered to adhesive tape 1 such that third main
surface 164 at the upper surface element structure 80 side
comes into contact with fourth main surface 1a of adhesive
tape 1. Surface electrode 50 constitutes at least a portion of
third main surface 16a. In this manner, third main surface 16a
ofintermediate substrate 16 is fixed on fourth main surface 1a
of adhesive tape 1. It is noted that surface electrode 50, the
passivation film and the like are exposed at third main surface
16a of intermediate substrate 16. Accordingly, third main
surface 16a of intermediate substrate 16 has protrusions and
depressions, with the result that gas tends to be trapped
between adhesive tape 1 and surface electrode 50 during the
adhesion of adhesive tape 1 to surface electrode 50.

Next, a degassing heat treatment step (S40: FIG. 2) is
performed. A first degassing heat treatment step (S40: FIG. 2)
includes a separated heat treatment step S41: FIG. 3) and a
contacting heat treatment step (S42: FIG. 3).

The separated heat treatment step (S41: FIG. 3) is per-
formed first. Specifically, referring to FIG. 22, intermediate
substrate 16 fixed on fourth main surface 1a of adhesive tape
1 is placed in an accommodating chamber 31. Accommodat-
ing chamber 31 is connected to a vacuum pump, for example,
and has a vacuum state therein. Intermediate substrate 16 with
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adhesive tape 1 being adhered thereto is transferred to a heat
treatment chamber 32 through a connecting unit 33 while the
vacuum state is maintained.

Referring to FIG. 14, intermediate substrate 16 fixed on
fourth main surface 1a of adhesive tape 1 is disposed to face
a substrate holding surface 3a of a substrate holding unit 3,
with a gap provided between fifth main surface 156 of adhesive
tape 1 and substrate holding unit 3. Substrate holding unit 3
includes a heating unit 35 capable of raising the temperature
of intermediate substrate 16 and adhesive tape 1. By activat-
ing heating unit 35, gas is exhausted from heat treatment
chamber 32 while the temperature of intermediate substrate
16 and adhesive tape 1 is maintained at 100° C. or more, with
the gap provided between fifth main surface 15 of adhesive
tape 1 and substrate holding unit 3. A gap t is about 1 mm, for
example. Preferably, gap t is maintained at about 0.5 mm or
more and about 2.0 mm or less. The temperature of silicon
carbide substrate 10 included in intermediate substrate 16 can
be measured by, for example, a radiation thermometer.

In heat treatment chamber 32, intermediate substrate 16
with adhesive tape 1 being adhered thereto is heated to 100°
C. or more by heating unit 36 disposed in substrate holding
unit 3, for example. Preferably, a pressure in heat treatment
chamber 32 (first pressure) is reduced to, for example, 1.5x
10~ Pa or less. The first pressure in heat treatment chamber
32 in the step of heating silicon carbide substrate 10 is 1x10~>
Pa or more and 1x1072 Pa or less, and more preferably 1x10~>
Pa or more and 5x107* Pa or less. It is noted that the first
pressure in heat treatment chamber 32 is a pressure after a
predetermined amount of time has passed (for example, after
about 10to 30 minutes have passed) since the beginning of the
heating of intermediate substrate 16. The temperature of
adhesive tape 1 and intermediate substrate 16 is preferably
maintained at 100° C. or more and 200° C. or less, more
preferably maintained at 120° C. or more and 200° C. or less,
and further preferably maintained at 140° C. or more and 180°
C. or less. In this manner, silicon carbide substrate 10 is
heated at the first pressure lower than atmospheric pressure,
with adhesive tape 1 being adhered to surface electrode 50.

Next, the contacting heat treatment step (S42: FIG. 3) is
performed. Specifically, referring to FIG. 15, intermediate
substrate 16 fixed on fourth main surface 1a of adhesive tape
1 is disposed to face substrate holding surface 3a of substrate
holding unit 3 such that fifth main surface 15 of adhesive tape
1 comes into contact with substrate holding surface 3a of
substrate holding unit 3. Intermediate substrate 16 is fixed on
substrate holding surface 3a of substrate holding unit 3 by
electrostatic adsorption, for example, with adhesive tape 1
interposed therebetween. In the separated heat treatment step
(S41: FIG. 3), most of the gas between fourth main surface 1a
of'adhesive tape 1 and third main surface 16a of intermediate
substrate 16 has been released. By adsorbing intermediate
substrate 16 to substrate holding surface 3a of substrate hold-
ing unit 3 with adhesive tape 1 interposed therebetween,
adhesive tape 1 is pressed by both sides, namely, intermediate
substrate 16 and substrate holding unit 3. As a result, the gas
remaining between fourth main surface 1a of adhesive tape 1
and third main surface 16a of intermediate substrate 16 is
exhausted from between fourth main surface 1a of adhesive
tape 1 and third main surface 16a of intermediate substrate
16. By activating heating unit 35, the gas is exhausted from
heat treatment chamber 32 while the temperature of silicon
carbide substrate 10 and adhesive tape 1 is maintained at 100°
C. or more and 200° C. or less, for example, with fifth main
surface 15 of adhesive tape 1 being adsorbed to substrate
holding surface 3a of substrate holding unit 3. The tempera-
ture of silicon carbide substrate 10 and adhesive tape 1 is
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preferably maintained at 120° C. or more and 200° C. or less,
and more preferably maintained at 140° C. or more and 180°
C. or less.

Next, a backside surface grinding step (S50: FIG. 2) is
performed. Specifically, with intermediate substrate 16 being
supported by adhesive tape 1, second main surface 105 of
intermediate substrate 16 at the silicon carbide single-crystal
substrate 11 side is ground. Referring to FIG. 16, intermediate
substrate 16 is disposed on substrate holding unit 3 such that
fifth main surface 15 of adhesive tape 1 faces substrate hold-
ing unit 3. Then, second main surface 105 of silicon carbide
substrate 10 is ground by a grinding unit (not shown). Refer-
ring to FIG. 17, silicon carbide single-crystal substrate 11 is
thinned as a result of the grinding of second main surface 105
of intermediate substrate 16. Silicon carbide single-crystal
substrate 11 of silicon carbide substrate 10 is ground from a
thickness of 200 um or more to a thickness of less than 200
um, for example. The thickness of silicon carbide substrate 10
before the grinding is 500 um, for example, and a thickness T
of'silicon carbide substrate 10 after the grinding is 100 pum, for
example. Preferably, thickness T of silicon carbide substrate
10 after the grinding of second main surface 105 of silicon
carbide substrate 10 is 50 pum or more and 200 pum or less.
More preferably, thickness T of silicon carbide substrate 10
after the grinding of second main surface 105 of silicon car-
bide substrate 10 is 80 pm or more and 150 pm or less, and
more preferably 90 um or more and 110 pm or less. By
grinding silicon carbide substrate 10, a process-modified
layer 10c¢ is formed on second main surface 105 of silicon
carbide substrate 10. A silicon carbide single-crystal layer
104 is between process-modified layer 10¢ and upper surface
element structure 80.

Next, a process-modified layer removing step (S60: F1G. 2)
is performed. Specifically, intermediate substrate 16 with
adhesive tape 1 being adhered thereto is placed in the vacuum
chamber having a pressure lower than atmospheric pressure,
and then subjected to dry etching. For example, by generating
a plasma in the vacuum chamber with a reactive gas such as
SF4 being introduced into the vacuum chamber, process-
modified layer 10¢ formed on second main surface 106 of
silicon carbide substrate 10 is etched with the plasma, with
adhesive tape 1 being adhered to third main surface 16a of
intermediate substrate 16. In this manner, after second main
surface 104 of silicon carbide substrate 10 is ground, second
main surface 105 of silicon carbide substrate 10 is processed
at a second pressure lower than atmospheric pressure, with
adhesive tape 1 being adhered to surface electrode 50. In the
step of processing second main surface 106 of silicon carbide
substrate 10, process-modified layer 10c¢ is removed by
plasma etching (see FIG. 18). The pressure in the vacuum
chamber during the etching (second pressure) is, for example,
1 Pa or more and 5 Pa or less. Preferably, the first pressure at
which silicon carbide substrate 10 is subjected to the pressure
reduction process before the grinding of the backside surface
is equal to or lower than the second pressure at which second
main surface 105 of silicon carbide substrate 10 is processed
after the grinding of the backside surface.

Next, a reverse sputtering step (S70: FIG. 2) is performed.
Specifically, intermediate substrate 16 having silicon carbide
substrate 10 from which process-modified layer 10c¢ has been
removed is placed in the vacuum chamber. The pressure in the
vacuum chamber is, for example, about 1.5x10™* Pa. By
generating a plasma in the vacuum chamber with an argon gas
being introduced therein, for example, a substance adhered to
second main surface 105 of silicon carbide substrate 10 is
removed. Specifically, second main surface 105 of interme-
diate substrate 16 is subjected to reverse sputtering in an Ar
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atmosphere at a pressure of 5 to 10 Pa (second pressure), for
example, with application of RF power of 800 W.

Next, a backside electrode forming step (S80: FIG. 2) is
performed. Specifically, referring to FIG. 19, with interme-
diate substrate 16 being supported by adhesive tape 1, a
backside electrode 15 made of a material including NiSi, for
example, is formed on second main surface 105 of interme-
diate substrate 16 while intermediate substrate 16 is cooled.
Backside electrode 15 is formed by sputtering, for example, at
the second pressure lower than atmospheric pressure. The
pressure in the vacuum chamber during the sputtering (sec-
ond pressure) is, for example, 0.3 Pa or more and 1 Pa or less.
Backside electrode 15 may be formed by vapor deposition.
That is, the step of processing second main surface 106 of
silicon carbide substrate 10 may include a step of forming
backside electrode 15 on second main surface 105 of silicon
carbide substrate 10 at the second pressure lower than atmo-
spheric pressure.

Next, a laser annealing step (S90: FI1G. 2) is performed. By
heating backside electrode 15 formed in contact with second
main surface 1056 of intermediate substrate 16, backside elec-
trode 15 is alloyed. For example, backside electrode 15 is
locally heated using laser irradiation, whereby at least a por-
tion of backside electrode 15 silicided. In this manner, back-
side electrode 15 is formed in ohmic contact with silicon
carbide single-crystal substrate 11 of intermediate substrate
16. In this manner, the laser annealing is performed on back-
side electrode 15. It is noted that the laser annealing on
backside electrode 15 is performed at atmospheric pressure,
for example.

Next, a reverse sputtering step (S100: FIG. 2) is performed.
Specifically, intermediate substrate 16 having backside elec-
trode 15 formed on second main surface 104 is placed in the
vacuum chamber. The pressure in the vacuum chamber is, for
example, about 1.5x10~* Pa. By generating a plasma in the
vacuum chamber with an argon gas being introduced therein,
for example, a substance adhered to backside electrode 15 is
removed. Specifically, backside electrode 15 is subjected to
reverse sputtering in an Ar atmosphere at a pressure of several
Pa, with application of RF power of 800 W.

Next, a backside surface protecting electrode forming step
(S110: FIG. 2) is performed. Referring to FIG. 20, with inter-
mediate substrate 16 being supported by adhesive tape 1,
backside surface protecting electrode 17 is formed in contact
with backside electrode 15. Backside surface protecting elec-
trode 17 is made of a material including Ti, Ni and Au, for
example. Specifically, a layer including Ti is formed in con-
tact with backside electrode 15. Then, a layer including Ni is
formed in contact with the layer including Ti. Then, a layer
including Au is formed in contact with the layer including Ni.
In this manner, backside surface protecting electrode 17 is
formed in contact with backside electrode 15.

Next, an adhesive tape peeling step (S120: FIG. 2) is per-
formed. Specifically, adhesive tape 1 adhered to third main
surface 164 of intermediate substrate 16 is peeled off (see
FIG. 21). Specifically, after second main surface 105 of sili-
con carbide substrate 10 is processed, adhesive tape 1 is
removed from surface electrode 50. Then, intermediate sub-
strate 16 is cut in a thickness direction, whereby a plurality of
MOSFETs 100 (see FIG. 1) are obtained.

Although the first conductivity type has been described as
n type and the second conductivity type as p type in the above
embodiment, the first conductivity type may be p type and the
second conductivity type may be n type. Although the silicon
carbide semiconductor device has been described as a planar
type MOSFET, the silicon carbide semiconductor device may
be a trench type MOSFET or IGBT (Insulated Crate Bipolar
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Transistor). If the silicon carbide semiconductor device is an
IGBT, the surface electrode may be an emitter electrode and
the backside electrode may be a collector electrode.

A function and effect of the method of manufacturing the
MOSFET according to the present embodiment is now
described.

According to the method of manufacturing MOSFET 100
of the present embodiment, before second main surface 105
of'silicon carbide substrate 10 is ground, silicon carbide sub-
strate 10 is heated with adhesive tape 1 being adhered to
surface electrode 50. Consequently, most of the gas trapped in
the space between adhesive tape 1 and surface electrode 50
can be exhausted to the outside of the space. Silicon carbide
substrate 10 has an increased thickness as compared to silicon
carbide substrate 10 having a reduced thickness after its sec-
ond main surface 105 has been ground, so that the cracking of
silicon carbide substrate 10 can be suppressed before silicon
carbide substrate 10 is heated. In addition, after the step of
grinding second main surface 105, second main surface 105
of silicon carbide substrate 10 is processed at the second
pressure lower than atmospheric pressure, with adhesive tape
1 being adhered to surface electrode 50. Since most of the gas
trapped in the space between adhesive tape 1 and surface
electrode 50 has been exhausted to the outside of the space
before second main surface 105 of silicon carbide substrate
10 is ground, very little gas remains in the space between
adhesive tape 1 and surface electrode 50 after second main
surface 105 of silicon carbide substrate 10 is ground. Accord-
ingly, while second main surface 105 of silicon carbide sub-
strate 10 is processed at the second pressure lower than atmo-
spheric pressure, the cracking of silicon carbide substrate 10
can be effectively suppressed.

Furthermore, according to the method of manufacturing
MOSFET 100 ofthe present embodiment, the first pressure is
1x107° Pa or more and 1x1072 Pa or less. By setting the first
pressure to 1x10~> Pa or more, the process can be readily
performed without having to use special high-vacuum equip-
ment or vacuuming for an extended period of time. By setting
the first pressure to 1x1072 Pa or less, the gas trapped between
adhesive tape 1 and surface electrode 50 can be effectively
exhausted.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the first pressure is
equal to or lower than the second pressure. Consequently, the
gas trapped between adhesive tape 1 and surface electrode 50
can be sufficiently exhausted before the grinding, thus effec-
tively suppressing the cracking of'silicon carbide substrate 10
after the grinding.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the temperature of
silicon carbide substrate 10 in the step of heating the silicon
carbide substrate is 100° C. or more and 200° C. or less. By
setting the temperature of silicon carbide substrate 10 to 100°
C. or more, water trapped in the space between adhesive tape
1 and surface electrode 50 can be vaporized into water vapor
and the water vapor can be effectively exhausted from the
space. By setting the temperature of silicon carbide substrate
10 to 200° C. or less, damage to adhesive tape 1 can be
effectively prevented.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the step of pro-
cessing second main surface 105 of silicon carbide substrate
10 includes the step of removing, by plasma etching, process-
modified layer 10¢ formed on second main surface 105 in the
step of grinding second main surface 105. If the gas remains
in the space between adhesive tape 1 and surface electrode 50,
in the step of removing process-modified layer 10¢ by plasma
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etching, local pressure variation occurs to generate abnormal
discharge during the release of the gas from between adhesive
tape 1 and surface electrode 50 to the outside. This causes
adhesive tape 1 to burn and adhere to silicon carbide substrate
10, resulting in difficulty in peeling adhesive tape 1 off. By
exhausting the gas existing in the space between adhesive
tape 1 and surface electrode 50 before the plasma etching,
therefore, the occurrence of abnormal discharge during the
plasma etching can be suppressed.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the step of pro-
cessing second main surface 105 of silicon carbide substrate
10 includes the step of forming backside electrode 15 on
second main surface 105 of silicon carbide substrate 10. If the
gas such as water vapor remains in the space between adhe-
sive tape 1 and surface electrode 50, gas such as water vapor
may be generated to lower film quality of backside electrode
15 during the formation of backside electrode 15 on second
main surface 105. By exhausting the gas existing in the space
between adhesive tape 1 and surface electrode 50 before
forming backside electrode 15, the lowering of the film qual-
ity of backside electrode 15 can be suppressed.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the step of pro-
cessing second main surface 105 of silicon carbide substrate
10 includes the step of performing laser annealing on back-
side electrode 15. The laser annealing locally heats backside
electrode 15, thus effectively suppressing an increase in tem-
perature of adhesive tape 1 which results in the generation of
gas trapped in the space between adhesive tape 1 and surface
electrode 50.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the maximum
diameter of first main surface 104 of silicon carbide substrate
10 is 100 mm or more. A larger maximum diameter of first
main surface 10a of the silicon carbide substrate tends to
leave gas between adhesive tape 1 and surface electrode 50
during the adhesion of adhesive tape 1 to surface electrode 50.
The above method of manufacturing a silicon carbide semi-
conductor device is more suitably used when the maximum
diameter of first main surface 104 of silicon carbide substrate
10 is 100 mm or more.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, after the step of
grinding the second main surface of the silicon carbide sub-
strate, thickness 1 of silicon carbide substrate 10 is 50 pm or
more and 200 um or less. A smaller thickness of silicon
carbide substrate 10 tends to cause cracking of silicon carbide
substrate 10. The above method of manufacturing a silicon
carbide semiconductor device is more suitably used when the
thickness of'silicon carbide substrate 10 is 50 um or more and
200 um or less.

Furthermore, the method of manufacturing MOSFET 100
of the present embodiment further includes the step of, after
the step of processing second main surface 106 of silicon
carbide substrate 10, removing adhesive tape 1 from surface
electrode 50. Adhesive tape 1 is thus peeled off from silicon
carbide substrate 10.

Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the step of heating
the silicon carbide substrate includes the step of heating sili-
con carbide substrate 10 with silicon carbide substrate 10
being separated from substrate holding unit 3 including heat-
ing unit 3b. Accordingly, silicon carbide substrate 10 can be
flexed to exhaust the gas from between adhesive tape 1 and
surface electrode 50. As a result, the cracking of silicon car-
bide substrate 10 can be effectively suppressed.
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Furthermore, according to the method of manufacturing
MOSFET 100 of the present embodiment, the step of heating
the silicon carbide substrate further includes the step of, after
the step of heating silicon carbide substrate 10 with silicon
carbide substrate 10 being separated from substrate holding
unit 3, heating silicon carbide substrate 10 with silicon car-
bide substrate 10 being in contact with substrate holding unit
3. Silicon carbide substrate 10 is pressed against substrate
holding unit 3, whereby the gas remaining between adhesive
tape 1 and surface electrode 50 is pushed and exhausted.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the terms of the
claims, and is intended to include any modifications within
the scope and meaning equivalent to the terms of the claims.

What is claimed is:

1. A method of manufacturing a silicon carbide semicon-
ductor device, comprising steps of:

preparing a silicon carbide substrate having a first main

surface and a second main surface opposite to said first
main surface;

forming a surface electrode in contact with said first main

surface of said silicon carbide substrate;

adhering an adhesive tape to said surface electrode so as to

cover said surface electrode;

heating said silicon carbide substrate at a first pressure

lower than atmospheric pressure, with said adhesive
tape being adhered to said surface electrode;

after said step of heating said silicon carbide substrate,

grinding said second main surface of said silicon carbide
substrate; and

after said step of grinding said second main surface, pro-

cessing said second main surface of said silicon carbide
substrate at a second pressure lower than atmospheric
pressure, with said adhesive tape being adhered to said
surface electrode.

2. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein

said first pressure is 1x107> Pa or more and 1x1072 Pa or

less.

3. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein

said first pressure is equal to or lower than said second

pressure.

4. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein

a temperature of said silicon carbide substrate in said step

of heating said silicon carbide substrate is 100° C. or
more and 200° C. or less.

5. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein

said step of processing said second main surface of said

silicon carbide substrate includes a step of removing, by
plasma etching, a process-modified layer formed on said
second main surface in said step of grinding said second
main surface.

6. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein

said step of processing said second main surface of said

silicon carbide substrate includes a step of forming a
backside electrode on said second main surface of said
silicon carbide substrate.

7. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 6, wherein

said step of processing said second main surface of said

silicon carbide substrate includes a step of performing
laser annealing on said backside electrode.
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8. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein
a maximum diameter of said first main surface of said
silicon carbide substrate is 100 mm or more.
9. The method of manufacturing a silicon carbide semicon-
ductor device according to claim 1, wherein
after said step of grinding said second main surface of said
silicon carbide substrate, the thickness of said silicon
carbide substrate is 50 um or more and 200 pum or less.
10. The method of manufacturing a silicon carbide semi-
conductor device according to claim 1, further comprising a
step of, after said step of processing said second main surface
of'said silicon carbide substrate, removing said adhesive tape
from said surface electrode.
11. The method of manufacturing a silicon carbide semi-
conductor device according to claim 1, wherein
said step of heating said silicon carbide substrate includes
a step of heating said silicon carbide substrate with said
silicon carbide substrate being separated from a sub-
strate holding unit including a heating unit.
12. The method of manufacturing a silicon carbide semi-
conductor device according to claim 11, wherein
said step of heating said silicon carbide substrate further
includes a step of, after said step of heating said silicon
carbide substrate with said silicon carbide substrate
being separated from said substrate holding unit, heating
said silicon carbide substrate with said silicon carbide
substrate being in contact with said substrate holding
unit.
13. A method of manufacturing a silicon carbide semicon-
ductor device, comprising steps of:
preparing a silicon carbide substrate having a first main
surface and a second main surface opposite to said first
main surface;
forming a surface electrode in contact with said first main
surface of said silicon carbide substrate;
adhering an adhesive tape to said surface electrode so as to
cover said surface electrode;
heating said silicon carbide substrate at a first pressure
lower than atmospheric pressure, with said adhesive
tape being adhered to said surface electrode;
after said step of heating said silicon carbide substrate,
grinding said second main surface of said silicon carbide
substrate; and
after said step of grinding said second main surface, pro-
cessing said second main surface of said silicon carbide
substrate at a second pressure lower than atmospheric
pressure, with said adhesive tape being adhered to said
surface electrode,
said first pressure being 1x10~> Pa or more and 1x1072 Pa
or less,
a temperature of said silicon carbide substrate in said step
of'heating said silicon carbide substrate being 100° C. or
more and 200° C. or less.
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14. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
said first pressure is equal to or lower than said second
pressure.
15. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
said step of processing said second main surface of said
silicon carbide substrate includes a step of removing, by
plasma etching, a process-modified layer formed on said
second main surface in said step of grinding said second
main surface.
16. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
said step of processing said second main surface of said
silicon carbide substrate includes a step of forming a
backside electrode on said second main surface of said
silicon carbide substrate.
17. The method of manufacturing a silicon carbide semi-
conductor device according to claim 16, wherein
said step of processing said second main surface of said
silicon carbide substrate includes a step of performing
laser annealing on said backside electrode.
18. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
a maximum diameter of said first main surface of said
silicon carbide substrate is 100 mm or more.
19. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
after said step of grinding said second main surface of said
silicon carbide substrate, the thickness of said silicon
carbide substrate is 50 um or more and 200 pm or less.
20. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, further comprising a
step of, after said step of processing said second main surface
of'said silicon carbide substrate, removing said adhesive tape
from said surface electrode.
21. The method of manufacturing a silicon carbide semi-
conductor device according to claim 13, wherein
said step of heating said silicon carbide substrate includes
a step of heating said silicon carbide substrate with said
silicon carbide substrate being separated from a sub-
strate holding unit including a heating unit.
22. The method of manufacturing a silicon carbide semi-
conductor device according to claim 21, wherein
said step of heating said silicon carbide substrate further
includes a step of, after said step of heating said silicon
carbide substrate with said silicon carbide substrate
being separated from said substrate holding unit, heating
said silicon carbide substrate with said silicon carbide
substrate being in contact with said substrate holding
unit.



